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@ A process wherein a I particulate sorbent mass of 
z olite which has been loh-exchanged with zinc or cad- 
mium to provide pore size openings of about 5A (5 X 
10- ,0 m). and grater, particularly zinc, is contacted with 
a moist hydrocarbon process stream which contains 
sulfur, sulfur compounds, and other contaminants, these 
being adsorbed onto said particulate sorbent mass, and 
the process stream thereby denuded erf said sulfur, sul- 
fur compounds, and other, contaminants. Thereafter, the 
sulfur, sulfur compounds, and other contaminants, are 
readily desorbed, or removed from said particulate sor- 
bent mass by contacting, and purging same with a gas 
stream, suitably hydrogen, or a hydrogen-containing gas, 
at elevated temperature. - 
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PROCESS FOR REMOVAL OF SULFUR FROM MOISTURE -BEARING SULFUR-CONTAINING 

HYDROCARBON STREAMS 005619° 



The present invention 'relates ~tb ; a process f or the removal of sulfur 
? from mois ture^bearingV ^ Hydrocarbon process streams. 

JL * Sulfur ckicu*^ processes,- and 

2 sulfur, or sulfur containing 

3 must often be Amoved from piroces s " streams , e . g . * f lue^ 

4 gas , waste- gas or recycle gas ; Streams I * Thi# has ] been I, .„ s 

5 accomplished, e . ; J 'by contacUng 1 the ' sulfur-containing, 

6 process stream wxth a sorbent comprising a particulate 

7 "oxide , v hydrated oxi&e/' or 1tiydroxide"6f alumina / zinc, J . 
'8 iron; nicfcel , cobalt or 'thef like,' alone or in admixture. 

9 with each other or with aMftioMl jn^terials, .e.g.. ^ alkali 

10 or alkaline earth metal oxides or the like. Reference is 

- . ii. :;o 'V- ci;'^!i->::ao:: :ri„cz: -. 

11 made,- e.g. to. U.S. 3,492,083 and British Patent , 871 , 07 6 

? (1957) which describes processes of this type. Hot spheri- 
13 "cal" pebbles have al'so been used to remove sulfur from 

14 process streams, as described, e„g.,, in U.S ( . 2,551,905. 

lc viid- ' 1,f ^L^w'--: 4 a -k! oh.;- i?.L-nr s-.i; - - 

x:> quality of these sorbent s. for the removal 

^ 6 ot sulfur varies considerably, and in many applications - it 

i7 is necessary to scrub essentially all of the sulfur ^frem 

the process streams. This is done for pr^c.ess ^reasons > v as 

19 well as" "enyirbhmental, reasons".. Sulfur^, for example, -is a 

2 0 ^ e:L1 ,^ n< ? f ?* a ? c ££al y s% _ pp ispn which^. 7 f inds. it s, vjay ^inta ; .,a pro - 

21 cess >rii>iipaiiy j yi^^e n f ^i^. k pan ^axiuail y v ^c?umu- 

"late w u^n and '^i^ s Ssaential^y, a.11 petroleum 

feeds contain^ §ul f ur . ^ ?t o pf ^ r the. s,ul f ur , : ^eqause of this 

$4 adverse effect, is .generally removed from, the \,£eea* e.g; , " 

.by contact with nickel i .pr...poba i ] r t ppi&e. sgasyg^-. ^chanifee^s. ? , 

26 Catalytic reforming, or hydrof orming, a. weil*; . 

27 known and important proce^sif employed. .in -the- petroleum ..- 

2 9 naphthas and str a ight run., gaso?. ines r . is 411^istr:at ive of !a 

30 prqcess . v^here . the presence of ; sulfjca?:.can i ^i*»s .ja-.:aetriro6ntal 

3 1 ®5 f * C £v. . .^ Ul ^ ? una ^? id § lbl X' en^er%,th,% jproAeis ^ r ,-pr inc ipal ly 
32 c f S c :: a .H ? ar *5 pf :^ lje - f . eed - ' X P , a f^mip-alftire^TQrmirag -proefessj. Ja 
33 n3L* r a* .-:^ c ^9 r ?'. S^? provid^d^^^r-iy^Qa Aeds- :of. sulf ided * 

<r.f± ^fY^^^^^^f.jSatalyst^.^hJ.cii care < sequentially :- : cdn- 

35 tacted with a naphtha feed, and hydrogen, and each reactor 

36 is provided with a preheater, or interstage heater, because 

37 the reactions which take place are endothermic. C 5 + 
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1 .hydrocarbons as a prgduct is- ta^gn.^f jcom the last reactor 

2 of the series, and a hydrogen- sulfide, -contaminated hydrogen 

- "3" gas stream is . separated therefrom. and recycled to the 

4 several reactors of the series- ^ . . . 

■ : 4 'n : -v:^ru,j'.:irOj i;^.c .-^-iV.;...; i .. * ■ .- • • - ^ 

5 In use of the more recently developed. multi- 

6 metallic platinum catalysts wherein an additional metals or 

7 metals -hydrogenation-dehydrogenation component, is added as 
B a promoter to the platinum, it has become essential to 

9 reduce the feed sul£ur to only a few parts, per million 

. - r. m L& .-^;:i,u;.-x->. 10 ^o^oxcvc.' v.o ^;,^..x^ t--. , v. . 

10 parts, by weight of feed (ppm) , because of the sulfur sen- 

11 sitxveness of these catalysts * For example^ in_the use . 

■ '% 1 *r.-. „- r> . £ . ".s ";s^n: I £1*7.02 J- ihois i.-< xu. - - • 

"12 Of platinum-rhenium catalysts it is generally , necessary to 

^13 ^atice ''the 'sulfur ''concentration/'^ the feed well belon 

14 abbtit lb^ppmV ~aiid "preferably about 2 ppm r> ^to 

15 avoid excessive loss of catalyst activity and ,0,--+ liquid 

16 yieild.' ^ J ' ' ' 
1/ The sulfur mus-b also be scrubbed from the , " 
lB^hydrogfefi rescycle 1 gas" stream' because this, too is.a source Jt.fA 

: ' ^ l'9^of v ca'ta£y^t s-iilfur TOnt^inat^ vapor effluent from 

25 -the last "of tke' S ser £eV Is^^^u s . gas' j^ in'r v £ " 

21 c: ayd£^ ^neraliy "contain hydrogen chlpride : and $ 

-22 -chioriiie; a^ J v^H' ras f hydrogeh^^ moisture ^ "^n<l Jsmall, 
' ^23 '^c^ts ;of &yfijf Iga^bus a^ 1^-^ ^^drocarbons. It is 
~ lin <2'4 ^siseritiaa^ to Vep^atfe^ liquid product 

^-25'^aiid Vec^l^ "it ^ the ¥^^ c aiid r: it : ii essential. %o re- 
2b mbve ( thfe : *sul.f ur -f roiff th^ lihdist recycle hydrogen ~gas~ stream- 
. 27 This f va as -suggeisted/ ^h^s e beert' ' ^ecofnjplish^d by the "use of " 
28 ^ard;>h : aihl^i:«s filled ^W%^til x 6xides ^"el g • 7' zinc oxidej, 
29- Enipra. > "> ' ' ; * ; • * - - 

30 ; ^ ^anc biidV r t^us J ha~s"' been uk4d"as a soribent 

31 fox T jse'£ec t ivel-y rembvir^ 7 K^rogen T sulf id^ ' from proc ess " 
r 3 2 cstreaims. ^ - : Us\ialXy,* tnfe Vfhc oxide^is ddntacted with the gas 

33. rat eleyafed ^-temperatures to *kcrr&£> out' the" sulfur . ^ Such 
v ■ . 34.:sorb0nt; ^ioweverv : : ha:s L nbt ? psrovfen-" sudfcessful 'beca'use the 
. :35c. adsox pti:ori r^e^ '±& tob- 'lbWv and it 9 has " not :: beeh / ^ssibie" J 
-:.-36 jto regeiierat^ siich^-i^lye^t- in ; a reducirig 0 £tmosphe3re such' * 

- 37 : as hydrogen fdue -to tIVs' ; hi^ zinc 
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V sulfide* Regeneration of* tfrito material requires bxida- 

2 tioi-i bf the sulfur/ or suifur~c6n°~a±^ 

3 chat the sulfur "is evolved as sulfur oxides, an environ- 

4 mentally unacceptable product.. ~ia6h regeneration impairs 
" 5 the mechanical s£r ehgth of the" 'material • " Moreover i sul- 

, 6,. fur oxides are" icult to remove frorn^f lue gas effluents, 



1 £-g; , sis cofitrc- !sL.efi""Wit:h ' hydrogen sulfide' which^ is easily 
--. •* *>,% jts • ~ n ? r-s -7 .* . < J" b ... . ' 1." . c . 

* .-err bU-e-1* f ronV tne " &ti:e<*m~wl'th" a" caustic or amine solution, 
■ :i <- ^ , ^ r. t ,i rot^ ar*o 3 s : *q i:t 3 ;;**•=?:■ ; -~ :*:v.*.- : -;r .' c 

* ' r Wolf ai*d co-vjorkers studied the adsorption of 

: .. u o *en sulf jlcc* i.i*d iri-,thyi mercaptan on exchanged syn- 

Jiat "sodium' ~— A zeolites as a function of. the degree 

J il wauion exchange. F, Wolf, W* J Hoese & H* Fuertig 

-i r * .Mil tr^n-Luther Unxv . - - - - — ■■ ■ ■ 



er /Jiuv . H^ll£-V7ittenberg; Chemiekombinat 
1-i >:^ttei feldt"V£Br cnem.': Tech r ( Le'ijpz'V ) ^ 27 15 :362-64 (June*. 

. S7£>) For hycrc jen sulfide, the capacities were fojund to 
J " ceicre&se in the or oar uarium < potassiiim < strontium < 



l.„ 



1 cobalt < nickel ^ zinc < manganese < sodium < magnesium < 

l-v «^.lcl^un. For metxiyl mercaptan the capacities were .found 

- - .> - . - . L*j / II , . - - V A ^ J-J: Ice i 1c ^;:;i:>t 2 ^ 

comparable. The capacities of sodium X and sodium-potassium 



1 * 



a. bieves- for bo th "sulfur compounds were slightly higher 

^.^ . S^:if fXXVSr. A r,^i?^-?^ : 1" 

2u. uhan those of the corresponding A sieves, Jn earlier wgrk 
^ < : i.orne members of tiie same group has found chat zinc-A wa§ 



22 



relatively poor in adsorbing mercaptans. Fo Wolf & K. 8* 
Bergk (Univ. Hauc; Erdoel ^ Kohle , Erdgas^ Petrochem Brennst . 
25 -Chem. 'i'? #10 : 629 (Oct / 1974 )1 and * thiis * work was later con- 
« firmea by Soviet researchers E. I. Shcherbina , V . A . , YaH^" 
27 Tbdvicfi & "L . i . kikhalrkaya ( Be lor us s. " Tecfe Aol . Inst. , 
28 1 Hin^k)' Nefl^khimya 17 #lVi51-55^' (Jan.. >' Feb; 1977) . 
^ y German Patent 2 ,2?6 , 531 which issued June 1973 

- 50 to Gebr Herrmann discloses that Pb .zeolites can be used . 
31 for hydrogen sulfide sorption, and that the lead can be. r 

-5^ exchanged by other metals, inclusive of zinc. The Patentee, 

. ' : *- ::> ^ ^ < :c^.- .'^ 

however, states that such exchanged zeolites have not. been 
... i..L-v/ • ^ r ^.io.:- ' u vrso "*>^:: v .\ : : 

-5^ found of practical use. 

si^" ^ r- "t, - *..■'-■'" j 17 . ."^".r # 5 - .~ f:7pxa ■ r;*.- "■■ r-i?'-;:! ;■ 

35 Robert M. Milton's U.S. Patents . 3 , 078., 64 0 and. 

36 3,024,868, which issued on applications filed in the last 

37 weeks of-- tfie« -y-ea-r- h959 *} are believed" to "ex exnpl if y thB ™ 
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1 , state-of-the-art as relates to the . separation of . sulfur- 
2 f containing compounds from gaseous mixtures^ by /the use of 

3 molecular sieve adsorbents.. In U.S. 3,078,640, which. 

4 issued February 26 , 1963 , certain . forms of zeolite- A are 
^5 suggested for. use ^he^ ^selective 

6 sulfide from a vapor mixture containing at least one mem- 

7 ber pf> the. grpup r consisting of hydrogen > . carbon dioxide. 

8 and normal , saturated aliphatic hydrocarbons .containing 

./:o'::' i ; v ^ -:.«!* ..- t2-;;^o ' ti ■£ 1;-'- .s if ..io t "- - . 3 

9 less than . nine carbon, atoms .per molecule..; The. ; reference 

10 suggests that zeolite A can be used in its sodium form, 

11 or the. .sodium. . ions of the zeolite can be substituted at 

12 . least in part by other metal ions from Group I and Group II 

13 of the Periodic Table . The. reference states that the various 

14 ^ ion exchanged forms of zeolite^ A includes the. lithiumy &.f 

^■hxt ' ' 3 £ -rT' : : s^a'-at:.) ,. .I-,- 7 * ' *:r ' : . -U : - 

15. v arampnium, silver, 2Tine~ nickel "hydrogen and. strontiums -I 

16. forms. It is, stressed that . the divalent » metal -substituted 

> w . s V;i i :':' rtcr'"; -* ■- '. * ;^ ^j* ; ;:c > " rr:Ji ':. ..*: .: ; £ /e 

17 forms of zeolite A, e.g., zinc, nickel and . strontium; :zeo- 

18 lite A, behave quite differently from the monovalent ;metal 

19*" substituted - forms* of 'zeolite A, e.gV, lithium, ^ and* hydro - 

~iL zz^a^-rri: • z,sv- kx^-'Z Tiairc? ?:o" r:;-;: :?-a' t : :y . •> ■ - -'■ 

20 ..gen zeolite A^ It suggests that ; any . cationic form of*^ 
■ ''t*?iv'£g .v r>- x t £ n n .l r cicr . ; . t c > c ^ . * * i.- 'Z I c '""f . vo. : : ' ^ ^U" 

21 zeolite A having a pore size of at least 4 Angstroms is - ' 

' • - p . o ^ •?. ^ 1 c r ^ri^"^;- .^a :n-/ . ; ^ 

22 suitable for .practicing the . invention; and conversely .that 

23 smaller pore size forms are unsatisf actory because vthey^do 

.'A '1 X : - :c.r\:"v v "! " * om. .^o- 3d t- ^c^!^ 1 ^ -:t: ^^c.^ . . 

24 not : ^dmit hydrogen sulfide and mercaptans. Albert, how-/:> 

..-—-25 -everr ^^thi^ reference d"esbribe^ : "tli : e use of molecular sieves 
26 having pore sizes greater than 4A as a selective adsorbent 
" ^7 ~ for the ^epar ation^ of sulf ur-cpntaining compoiinds . from - hydro 

28 carbons, there is no suggestion of the separation, or ad- 

29 sorption, of sulfur containing compounds from moisture v v 
3d bearing, or c water containing streams. The separation of . 

31 ^sulfur compounds from moist, or wet streams presents, a far 

32 niore difficult problem inasmuch* as water is preferentially 
* 33 * "adsorbed to" the exclusion of sulfur containing r compounds , 

34 and e.g., water generally replaces essentially all of the 

35 hydrogen sulfide from an adsorbent contacted with a stream 
3fe * containing both" water" knd liydirogen sulfide. ^ _ ^ c 
37 Oh the other ha nd , in U.S. 3 , 024 , 8 68 , which - T 
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1 issued March 13 > : . 1952 ,^ there is Jspecifically described r a 

2 process^ useful £p2^;.the;-separat±Q 

3 i cpmpounds from : moisfc vapc>rous..:streamsv- i lit ^articS^lar , the 
r,4 : : process described r±g~ one ?us^f ul* Ifbx ^remox^iiig' - iaois€ure . ~. * 

5; .. ^urjtor r > ; conta:inin§? coiupourids/: no^bly ^hydrogen 'suliide, -from 
6 : > the r ecyc 1 e ; hydrogen; Igass .3 treaim >6£. :a ' re fbriner by "contact 

7 of the; stream with crystalline zeolitic mol-ecufar 1 sieves 

8 having^ ppror si zes^ rari^ Both the 

9 ; water and- sulf str.- containing fepmt^jiinds" t/ 'k^:e ;: SbrbdS : ipf'ef eren- 
1,0 . tially, ^ to.: the exclusion pe this ^saturated- para^f fa^ic - ' 

11 hydrocarbons.: It" isii expresisiy tsta^ddl that mb-lefeular^-isieves 

12 haying- larger^ pore-; s.iz^s>>;^ -pref ereritially 

13 adsorb - and concentrate - the. •C^e send \hi^her p^rkf f ih r s : - T - Any- 
1,4 r substitution- J; ofr. tbe : sodium zeoilt^^ 

::15.>divaleat/'iheta'3L r v eniarges^ the-£6re ; "siz^ bV^ohd 

1 § 1 .^^^limi^is:- thus* d according* tpv Mii ;on>- to^ b"S avoided / j 
1,7 .. Thi :? a §verse : ef f ect.j o accord ing:/'tb^ > Mil ton >--i^ ^att ictrl : arly 

18 appar^ntvwith^divalent cations ^fwits* isolate*-'*' thfe^'eii-- 0 ^ 

19 largementv ; being mahifet -\/ ; '^d^^^^z^ 25-p^ceiv^ ; suI>sti^ 

20 t^i 0 ^ 0 ?* d:ivalent ,ionsI: i* . : ?$ ^iA&i^ul^r sifeve £ structured 

21 ^pata c preceded :in fche.^atene £ - : 
2 2 - e ight to ten 1 1 ime s *: the I:- adsorpe ive^ r?f. p£ «44 4- ytf£ «e - wa* +- : o -r i 

23 hydrpgen ^sulfide .as feeolite and " zeo-l itee 1 3k f ^ with-'bon'- 

24 current high -excli^ ion ©r-rejectioh 6f thfe L 'fi^drocafbonsV ' 
; 2"5- 3 r;;, -r - xln Milto^s prPcess a reformer recycle iiydfbgeii 

? 6 ga-s r ^stream is desuasided-by^bo V ~ 
27. separate beds of rithe~zedli£e ' 4A, the -we£"r eformdr h^diroejen 

28 gas -stream -being -Qontact^d^tfith a f irst b^d - in ari"' adsorp- 

29 . tion,i stroke .at -relatively -low t^niperatufe°and 'pressure, " ' 

30 while water ^nd .sulfur contaiiiing^cbihpounds i?re desofft^d '' 

31 f rpm r a : ^second bed in^at d£s6rpti6n°strbKe at 'relatively "~ 

3 2. -high temperature* :atfd pressure -f- The f l-6w§ -between r ttie "bfeds 

33 are rperiodicai first bed i : fe x 6n : kn. 

34 adso v rp.t;iQrAV,strc/k:^ Wfeile^tKe^sec6na ;: B£d :: is :: Oif a "desdrptibh 
stroke,- /and vice^v^Sa* - - : "' : - - - { ' - a :0 < r f :: ** > " 

36 X'Thereas commercial processes based on the use of 

37 metal oxides for adsorption of sulfur from process streams 
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1 have provided varying degrees of success, there is 

2 little evidence that the zeolites have attracted any 
e3'". significant sortmerc ial .interest r * -any > 1 for this 1 *'" use . 

4 rvA^con§id^ra]9l:e;..nc=ed ttoere^fo^e *:e3t±kts; ICbr the developihent 
. fc 5 .of inew;.ar]^3b i^raveci^px^eaKe^xtyf tbsL-s- type; 1 esp^iklly 
€ thos§ ;: \^iQji; .;ayc:e vcapafileC cdf . ^adsorbin^ / and- separating l1 - 1 
r.:r,-r~P ?£^^^po?*J|ft4«^& \poinptoimds. arorai'jnai^ hydi^arbon' streams? 
; . 48 -notably hyd^pjgejv/ sulfcide^ 

^^r^ycl^Hg^sr^- - * -1 /, c ;r s s*:";' r >\-; • ii" i:v ' : l^r * ; - 

^'9?- c-a. .1^ ^ ^gs. ; cfife&^CJte >crf -this: -presents iifiveht-iSri to 3 
„ JJ.. p.^pyide a : .MW; ~ifB££qraed ^^ce^K^rpartlc^lalray bhe" titi- 
12 1 ^APS: s^b^jtr/^5«haicgi -isr capable: -of ^highr- rates of sul fur 
, I 3 * f/ id ^9? r et^.pn^ f pj^oests : str^ams > ^ and more- ^rticu£arly one 
jxv A4;^hic|v.c^i ^e., regenerated, a&thoufcs significant --I6Ss :f 6f : 

l i; ; ^ .,. -v. 1 u ?H4'9*'fib leofe 1 Jtfc- achieved^, i^iiccaradacel-'^tfi^ th6- r 

; 17; v prp^ent, ; invent jxgvk: erotgodyJing ^prooeseiwherein^a^ £a£t±c&iate 
18 . ■^S^P&? i P JT^ s Sr o£ ^ 'with 
•JA. P?r^?admivWv ^ p^ticularlyo zinc T r su'f £ icieht : '€6^ prdvide 

o o - ■ 

20,. PPre. L siz.ja : * ope^ingis igx^Steothan A ft? i prefer ably ^A^arid^ ; : 

^-PPP^P*^ 7^th^ arp^i&t^ ;.>v#axing?/ hydrocarfedS f process 1 *° - 
23 ^^^^^P^r^ com^UiSd^ r arid- otti^t 

2.4 . contaminants-, theses a^eh.a^^oxbed^diito esaid -particulate x - : 

"^•f Ba ^:° f . .^^"^P^^gfifcgepliteiJand the ^prdc^Ss stream T - : * > 
2 ? - P^y- 7 d^nudesl of ^id sulfur^ sul aur :oo*n]^uiicL s, *&rid other 
2 I: f P Q ?^ am W n ^ s - : Thereafter , r .tbe-„ sulfas isulfeir compounds^ 
28 apd ot^e^rcont^ifiants, are-. ;^e^dily Idesdrbed ^or: ^removed ; 

j:?.?. - r ° Tn -.Particulate mass if io^-ex'changed r:zfeoli^ ; by ' r 

30 contacting , .aiid ^purging sa^e. wifefc. a .gas stream, suitably - 
3 1 . hydrogen , hydrogen T e^nt§ ining , ga * _ or =^inert gas * such -as * 
,32 nitrogeii ^or -..meithane. : at. r eleyated temperature ^ < ' v . .. : . 
33 , ;, z -;; . Various .zeolites ;x ion^excha:nged: with zirfc or - 

i ^ii 0 ^?™ 5 -? 11 ? .roet^ls ,^re useful inraceord>ance with this iiiven— - 

. 35 tipn ^pqlusive of ^ jinte^edir.tQ^and /l,£u:g]a.pore>:^6oldtes. : - - 
v 3 ^. fer ^4 fon-rexGh^nged: zeolites- in.cludfe -inOTd^iPt^^^^^'" 
37 faujasite, erionite, f errierite, =zeQlite A*, 'Z^-S 9 : ^'€&lx^ X 
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1 and chabazite.both ^^■^^^■^TTL^ < 

2 pore -slie. openings greater Chan preferably 5A and 
b' greater; especial!* those, having £qre. size openxngs 

4 hanging fro, ^.^W^^ 

« a zinc. sa*t , ■ sufficient, ^ovide^.-ze open^gs^ 
, ' ,bout5A,a»a greater, . .^change of ,?t i ? ast ah<.ut 2, per 

8 cent, and certainly 65 percent of the , sodium 

9 ji type zeolite withes, « P^ m ,,,fs found to preface 
10 zeo^SA. xn. ract ...tt: i^ f pun As that the f dsorptgn £ 

1 behavior. of most- oft KffiT^ ^ ^i^' 1 

to- change when.greato.r than Wf^^ . 

> ^ VS odi™v.ions,*re: exchanged , with -.the, ^^valent ; Catron, 
14 *inc or cadmium, the .oore.^ize.openings , inorea "??,^ a 
. ; _„i a-viv 'zeolite A. which tngreasKS, beyond 

i: :rnr;^rf:^:o"eoi^>,are;foun*far ; ^e 

'! elective for. the select/adsorption orsulfur 

- -•■ :• - . ™vi...n«ca.. species, of zeolite A;^^ . 



.- a «.P. raD loyed in parallel, this yej 



iro e;j ttmq -active- ua^.- ^ - - • - -- . - -.- •• _ 

^: p U^g*arav*^ 

" 27 ^iocess' stresm-Vh^th* Sfther, .guard cumber . °\ * 

28 •> Wffifti*)* fi ,is, cj* out of ,serr^ for 

- &A*&&ti**r---*> the .treatment of^a^dr^. re^^gas 

30 ^ream.^s-employed in .reforming, it is found gat th? 

31 hydrogin sulfide, can be .readijy, adsorbed from t£ £t£- 
"'32 'aespite - the -high .moisture .contenj ,of,^f gaj- ^ 

^ Wivity of: ^ sorbents .fo, £ 
■ 35 arf ected' ini-the-. presence of water.,,; As. «,=J«!.; , ; 

36 in particular, show a .preferential adsorption, o f water, thi 

37 resulting in a low capacity of the zeolrtes for the selects 

BAD ORIGINAL. J| 



0056197 

- 8 - 



1 removal o£ hydrogen sulfide. The zinc, and cadmium- 

2 exchange zeolite , nbtabiyVfche ^zine exchanged zeolite, 

3 shows a high capacity fdt adsprptib'h icrf . the. hydrogen 

4 sulfide, several' timets '^ha'fcf of- ma!ny vsUlfur sprbent- materials , 



5 No special; preparatib'rr ~of '"ttiW particulate: ion-exchanged zeo 
.6 .lite of </this inveiitioii jfeqaxt&SLi :and it .can .be employed 
, 7 in ., a, guard chamber 'a£ "powder s^hdr es ; tablets, pellets;. 

8^ extrudates, irregiilai: shaped particles, ^or^ 
^ 9 .virtually any size," a ' Ji - ;:t:: ^ '-^ ^.f n.- : ^ ■ - 7;; . . 

10 * The ^embbiriLt^e 6<£ cStfitact^is not critical, 



,11 and^ .there is no necessity' to-' hfekt. or^ cool the^ proces?,. 

12 ; .stre^.jrfnotably' : .^fe' ife^cl^gas^&trearo-.: ^Suitably, the 

13 ^recycle hydrogen ^taFeam i J s* 7 don£acted*; witfc v th%, part^Lp'ulate 

14 zinc excliarigeci z^olfte ' v 's&S£»€3at. normal:, gas - s stream ±.emj?er a- 
.15.. ,tures , li. e^^ frpm .about ambient* to 

16 about/^D0 6 9>, or m6rfe igeneraXl^^a&Ji^^pera^ures.. ranging - r , 
/l7 f p?m ab^ r-;?r.r v:;. .fon. ^ \v 

18 ~ ' ^ ' 1 * 2 ^ould r appera* , £ 'Surprisingly , - that , the 3 me t allf . 

19 atoms' of Jtlie z^oTi^T :^trUe?tjir-fe^ ^notably.- /the, ^i^^atoms-pf 

20 the zinc exchanged g^blt^ 

. . y 21. with the sulfur ^ to remove, 

.- ; 2 2 e.g.. hydrogen K knif££ cfej-f irdm va* reoyele^ :hydrog^ii> : ga^ stream . 
. 23 unlike the ^mdcliahi ira involved in rthe . p r,^nov:al of a : sul fur 

24 compound^ "eTg.., hydrogen sulfide/ ^frpm.a^recycle. hydrogen 

25 gas stre^ by the use *of zinc bxidef . 'th^re is ^no ^chemical 

26 reaction wherfein : zxnc\sul ; f ide iS iformed> -Agpar^ntljr, ,as 
1?7 a consequence' thereof 'the zinc ' exchanged - zeplite is . readily 
,28 r e gener a t ed * bV s iicipiy puir ging , car* . sweep ing, the. „ fjal fur com- 

29 jpcpund there frorir ^'ith a -hot, non^reactive,^. or inert gas 

30 after it h'as %ecbm£ Sufficiently ..saturated with ,the sulfur 

31 compound. Iri the pref eriredy-practice ;pf this invention, the 

32 zinc' exchanged zecilit^ is :> simply, contact^, purged,, or 

, 33 swept with a* 'hydrogen- gas istream^at (^lev§ted ,temperature to 
34 r.emoVe" the 4 ' hydrogen r sul^idev*» andiothgrj- sulfur v compQupds , and 
35' thereby rVgeiiWate J LMe : z : £nc 

ting: the hydrogen, gas at 
1 f) to; -about^l 2 0 ; 0 
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1 preferably from e^jxtj^^°^^ e .s^ixtJ^.000*T). Since 

2 burning in the presence of oxygen as practiced in the 

3; regeneration pfLir&ivy "spr bents is unnecessary, the ■* v 
^.&ydro§en rsulfide is recovered as hydrogen sulfide rattier 
1 *' 5 ; : th^n^asrsulfur'-oxides. Consequently, the hydrogen gas 
hz ^stream; itself is- readily r cleans€?d of the hydrogen sulfide 
- 7* - by.- washing the' gacs^ With a "Ciatist icr of amine'" soTut ion .~ 

8 * . The invention will be more) f ully :undejr stood 

9 by reference to the following examples, and' cpmjpai^ati^e 

10 data which demonstrate the- £iigh seLectivi£ies: for. hydrogen 

11 sulfide? of the zeolites of ^ -this invention in j the i'Wesence 

12 of water-; ,y- All tfrms are given in weight . ,un its ' expert ;a~s 
>13o otherwise spec if ied. r c ^*^- %\ tf - r : ''tl ^^ 1 - ^~ 

x -14".' EXAMTLES M r l - - - - • - ^ ^^^^ 7 - 

olS^m i r : - 3"ca series of different commercially knoton^ ^koiites # 
' v - ^ - ^ " ■ :;\" f ;r.:oi:i? .:.c 

16 as identified hereafter, were exchanged with- ^n; ;a:quepu^ 

17 solution of z ind : : ehlor ide , SnCi 2 _ Tliis wars* : f|a : l^we^ bjr 

18 filtration and washing until the filtrate was free of " 

19 chloride as determined by testing with-an-AgN^^ «63jatioii. 
-20 The zeol ites - we^ths^ - f vaG;jijm : |x ied^ ia^dxiqaliCinedjrin aor 
21ofor three hours aV(800°^ To measure H~S„ adsorptions- 4:he 
22, zeolite was packed into a- quartz reactor maintained at. 

23 (200°f) and a stream of 2000 ppm. H.S in : H 0 _. at atmbsphr vie 
^4 pressure passed through . until breakthrough^ occurred *This 

25 -Was oSserved by the discoloration of lead acetate jpa'per-.". 

:-a: c- '.-not- ^ , ^-^ --^-v-- --. - * /J* o:. r .ifL ^ . . . 

-ib; For regeneration, the adsorbents, were heated either- to 260 C C 

27 5 ?°° F ,^ ^932°Fj vhilfe, stripping. with H 2 ga.s . ..The ad^brp- 

28 ^t n 3y s then redetermined at a standardised temperature 

29 of^gOO.^^J. Data pn several Zn exfhanged;.' zeolites, are shown 

30 ^ n the Ta ^ e and/or r gompared . witl) . the unexchangeja or 
3r .c6rresponding : naturai ieolitf . , „ . . , 
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1 -? t • Table , |V . 

2 - - - , ; Exchanged ZBol/rtes 



00561S 



. :.• - v^v- .- :■• ::d-.>- £ :<o . , , rr=a-. : ..; .... . .. " . 

3 . ' ; .. ; ; Wt. . % S Adsorbed @^20b b ^/ l Atm. 

4 • ■- ~ a - > X ' a J : 3 Frani & -2000^ pfjrfi H? S in H2 Stream 
•;~5 si..!..':.. •• ': /n :•: ;$ . ui - i 1 CyeLei 2 v. Cycle 3 

6 -.- ," '. - After After 

7 -' -v-,'*. 3 .. ; <- uv^^;.. . . » * •.,**.«! c^.- r^ 2 > - 26 ^- vf. H ^ 

£■ § . • .- -3c: ; • -rr": hf.v 3fe s_-tJh Ra v . /. - c £ycle-. 1 Xs/tri-FJ - A^Strxp 
9 Adsorbent Zn | Exchanged Qriyinal @Y932°f) ; ^fSOO 0 ^) 

.0 Na .• Zebiite ■ A a * ~ /"* ' r S-.i\ - 

^^^eplf^e.jiV 2.4 lens cc^Jbi sdi'ci' ,«c 

«3 (Zn 5A) ■ 14~.5 ^ 65 2.27 3.02 2.0. 

U4 ;Cd' Zeolite -A; . -^-^a.s .-.'t"--$o ? - ri - c f £ .2v3B:- ^ 1?27 • ^ l 

.i5^Tbl>Z&aX±te. z&, /- Tr ^ rrt ^ ., V ... o,?6 - ■ -} ' e ^5B; - : r-- - 

rI6 Co ;ZeoIite.A : ~42 6.85 ' 1.40 - ;i 

:(^: :Ze'ol>it|e 5Aa,bi a : '7,7-. . ?-ffU.7 . •*■ 0 . 04": V r .> 

18 Hg l Ze6lite A&Vb *"'l6d .©,,40 

:li9i.;Zn=> Exchanged:- ^.\a*t .: s.*z ^. <?..', 

20 Erionite , t , 5.79 1.12, 

:21- ; .Natural' • .. , ;• > I ';, n ^ 0 i,™ '- s •• 

22 Cnabazite 0 0 0.96 - - 

24..-'l^;'::^rj^enxt^J-.;,t^^'"' r -v..0 -1.08 



■.t2 i Sv.Zxf! Mordenite f. • ".7*3 L 67* - ^ - " " ^1^25 f . . . . ... 

.... i t . . . f-> ■ - y . f - ; v } * t OfTJ! ^- -~ i /;"**' :1 , •*"-. t ' " ,T "X, ' ' i 7 ii c' i. tit * ■". T. *' w* '•V^i-. - 

*2B i *^P.arti^l;:-'des-truction" of the zeolite A ' crystal structure 
\&J* ^ tojpc.t^rka.: a^ir^g tfe^- i&n^kchange^ r Lf V J :: ? r '^ -. 

^8 ^Assuming. .rf2 -valence- state for Cu/and 1 Hg. ' ^, . . : .;, v 

29 * \- ^ ' " From thefee datk ;" it -will fee " initially observed 
' 30: ; that : -thfebr iginal"' so&ium zeoiitfe - ' A"' (4 A sieve) had very 
,31 limited b^pacity to/ H^S "under the se^conditioiis • The Zn 

32 5A iorirt', hb'wever t • had" a capacity 'nearly -ten. t-irhes as^great, 

33 Turthermbre a simplfe * hydro gen stfip-"was effective for 
^ regeneration at the sorbeni/ 'The "Increase iii capacity in 
3b" goiifig^ from 2". 3T wt^ ^l' In ""Cycle^'i "to '3.62 wt . % in Gycle 2 
36 is' attributabl^^t6 7< the higher^3 2 °FJ regeneration temj>era- 
37, ture compared; to the/sOO^'F^ofiginai^air Calcination^ The 

38 regeneration at) ^00 is effective in restoring capacity 

39 in .Cycle 3 . to nearly that observed in Cycle 1. < 
4 0 The sodium form of zeolite A has the formula 

41 Na 12 [(A10 2 ) 12 (Si0 2 ) 12 ] -XH 2 0, this material being designed 
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1 4A because 4A approximates the effective pore size 

e «^f*;^o::^r ..svri.-.sv- > .r " • ■ 7 

2 openings of this material in Angstroms.- Zeolite 4A 

3 will not adsorb, propane* When zeolite A is ion-exchanged 
,,4. with potassium so that its chemical composition becomes 

5 K. « [ (AlO«) r ~ (Si0 o ) . „] •XH«0, _ its effective diameter becomes 
6-3A:and hence is known as 3A. It adsorbes H 0 0, NH~ , and 

.^7 methanol but. not ethane. . < -v ' 

:„ p. / - ~:u rj£~./. 1 + com- ^^o-i isv ii*n.t '* r .-£'j.? .> s >; - rt--, : ■ 

8 If zeolite A is exchanged with sufficient of a 

9 multivalent cation, e.g., Ca, thf effective, pore diameter 

10 can become -5A,.and such material is designated as 5A. 

11 This material, will adsorb n-paraffins such as n-heptane. 

12 It is well known, e.g., bv reference to the literature that 
1,3. at least- 25% of the Na ions have to b t e exchanged with cai- 
14 cium : to enable it s^ ppre^ diameter . to_ increa.se i.n size. ( See , 
15..,e Jg. , U . S. . 3 :? 024 , 9§B 6 ,<?ol, o 3 , v li.pes A 36-4,4 ' >ro„fauna a C . 
16. changes^ in, adsorption behavior also- occur >*hen gjreater th^n . . 

17 25% of the sodium ions are exchanged with a multiyalent 

18 cation, e.g., Ca. In accordance with the present, invention 

19 the various forms of zeolite are ion-exchanged with zinc 

20 or cadmium, preferably zinc? and. where the pore openings 

21 of the zeolite are of lesser effective diameter than 5A 

22 the zeolite is nonetheless . suitable .if the diameters of 

23 the pore size opening can be increased by exchange to pro- 

o 

24 L vide pore openings of about 5A, and greater. Of course, 

25 zeolite with pore size diameters initially greater than 

26 5A effective pore size diameter need only be ion-exchanged 

27 with zinc or cadmium, preferably zinc, to render them 

28 suitable for use in accordance with the present invention. 

29 With continued reference to the Table, it will 

30 be observed that zinc exchange with chabazite improves its 

31 capacity, and the material can also be regenerated by 

32 hydrogen. Although the capacity is generally less than 

33 that of Zn4A, chabazite is structurally more stable in acid 

34 environments. The other acid resistant zeolites, mordenite 

35 and erionite, also show improved capacity for H 2 S adsorp- 

36 tion upon Zn exchange. 

37 a feature of this invention lies in the improved 



0056197 

-^12 - 



1 sel ctivity of the. ion-exchanged zeolites of this 

2 invention for H-S removal from reformed "recycle gas. 

■ * -".C r-S' *\ -a ' i? r -.-I rr.r, '^i^Oem . 1:. ~ v „ . /: 

3 This permits the realization or higher; activity, yields- 
tyc^& f «x • "* • -i '* rev' ' » > l: — ~ ,r - "* . £r-;o n"ic ' • r> . r J" a 

4 and stability for reforming catalysts , 'notably bimetallic' 
sonjou^'l • = ^c^c'c" *r-ur irtr-sr!:* a;*: szd.j ■/* .lie * .:c v "n - 4t 

5 catalysts. Unlike ZnO, the Zn zeolites also serve to V 

6 remove water .and to be. easily regene£able with hydrogen : 

7 stripping. ■: : t . r ■ 
3 - It is apparent that various, modifications and v 

9 changes cah" 'be make without^ depart ihg" f rom £he spirit : .* 
10 and scope of the invention. * 

13 ' * " For example , ion-exchanged' molecular* sieves 

Dn can be used m com 
r ky "charging o each' fey 

14 ' guard J "'l^ai&ers^^'and^ using' the~ gua rfi- ; chamber s ' in ser ies*. c The 
; : '5~ 'ioh-exchahg"edT" molecular* slevfeiS" slioW^gobd sulfur adsorption 

1 6 prbti-eirties , ank f sti^eifioi:'" w^ter W^sbir^tiSh j^topertifes^ "^TRe 
^IT* ntetkl c ^\Mi!ia Spinels 3 sho^ : 'Siilie^ ioi" itilf fil:^ ^ds6rp%ion . pro - 
18 peirties. * . _ . 

r-3 T :^Vi. ^ ': *a v . -it.Ti . > * 5 ; ..* »:? ' a :)v ^ 

."./r w .r .r... . f. Id r'[ k!' r : ^:' r SH^ ru?-' 1 ..*::r"- j o i. *^ 

5 J ; r. *v :.vnr . :» v^v l yi: ^.-^ r ? z :i r i e " v~ o .r :J 

>;.c:i.7 j ■ \ \.'. \ r.r-x v.J: \.: : j ■ r.' ^r: v A ^;;c*i'/! ' 



Ducrwin- -co nrv^«ia7Ai i 
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CLAIMS: 



** * . i 

Vl. - . * P roce .ss for^ the . removal .of _ sulf ur„ from ajnoistune-bearingy . 
• suir ! ur r pbjataining hydrocarbon 'procesV sfcrfea© chai^tertze^-^ecmt acting 
said ^am *ltB a*a>t^^ 

with zinc or cadmium to provide pore size openings of about 5A (5 i 
10" n) rand greater- to' adsorb, V 
contacting:* said ion-exchariged^e^liW after- cpopXetion ,Qf .-the sulfur 
sorption cycle' with an essentially ^Ire^ctive ^as- or -reducing gas at I 
elevated temperature thereby desorbing the sulfut "and "regenerating! the j 
sorbent. * "j ' """ <" 1 

1 . -i :~-xizrj\* vicm-j) o:<?_ r.; : ,_ r . - - ; >'■■ ; 

1 \v.'r.~A^o s i?iQ:> """"" " ; 

2 . The process of . Claim, 1 ^characterized^ that the ion-exchanged 
zeolite is sodium zeolite^ ion-exchanged Wltf ^iM'sWjitiient to I 
replace at : ieast| about 2? percent of the sodium of the original zedlite • 



T. !- ™. fe P r 9° es3 °f .Claim 1 or^Clalne? characterized «ih that the 
idn-exch^ea zeplite is jzinc-exehanged zeoli-te A or zinc exchanged! 



chabasite. , ., c-; rH , } ft 



if 

l». The j>r<jcess of jany one 1 oF'&ai^ S^chS^S** in that 

the gas employed jto desorj, the sulfur from the ion-exchanged zeolite is 
comprised of hydrogen. ' 



5. The prdcess of Claim 4 characterized • in that" ttte hydrogen ! is ? 
"liontac^d^h^d zinc-Uchanged zeolite sorbent at temperatures ! • ? 
^f^^T ^ 20 *- l| *F CWF) to about 6H8.9-C (1200'P), preferably 
at temperatures ranging fj-om about U26.7'C (800'F) to about 537.8'c: 
(1000?F). ! i 

» .* . , I 

"'f/'ll*** 0 **** of any one of Claims 1 to 5 characterized in that 
t ^'^** a '\ is °arrted out in a series of co-stream reactors and the 
non-react:ive !f as,0r reducing gas is a vaporous effluent rich in hydrogen I 
re ^y^ed ll frpi^^h.e| last reactor in the process seri s. ' 
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